Introduction
Crohn's disease (CD) and ulcerative colitis are chronic inflammatory bowel diseases (IBD) of unknown aetiology. Up to now, few therapies have been shown to reliably cure them, especially CD [1] . Mucosa ulcer and tissue fibrosis are frequently observed in IBD, and are thought to develop as a result of abnormal wound repair following inflammatory responses. Chemokines and matrix metalloproteinases (MMP) expressed by subepithelial myofibroblasts (SEMF) [2] play important roles in these processes by regulating inflammatory responses and extracellular matrix metabolism [3] . MMP-3 (stromelysin-1) has a profound immunoregulatory impact on intestinal immune activation [4] and is proven to be a key enzyme for degradation of the lamina propria extracellular matrix [5] . Chemokines expressed by SEMF such as interleukin (IL)-8 and monocyte chemotactic protein (MCP)-1, participate in inflammation by inducing an accumulation of leukocytes to the inflammatory sites [6] . These create a plausible link between mucosal inflammation and destruction of the subepithelial matrix. Thus, inhibition of these processes represents a lucrative target for IBD therapies.
Triptolide is an extract of Tripterygium wilfordii Hook F, the traditional Chinese medicine, which has both anti-inflammatory and immunomodulatory activities. Triptolide inhibits lymphocyte proliferation, synthesis and secretion of proinflammatory cytokines [7, 8] . Triptolide also induces apoptosis in T cells [9] . Recent studies have shown that triptolide inhibits dendritic cell-mediated chemo-attraction of neutrophils and T cells through inhibiting Stat3 phosphorylation and nuclear factor (NF)-κB activation [10] . Previous studies also show triptolide as a potent inhibitor of chemokine and MMP [11, 12] . However the data of its effects on intestinal cells are lacking. Okuno et al [13] demonstrated that IL-1β induces chemokine and MMP-3 expressions in SEMF through the NF-κB signal pathway. Triptolide was demonstrated as a selected NF-κB inhibitor
Materials and methods
Reagents Crystalline triptolide (PG490, molecular weight 360, purity 99%) was obtained from the Institute of Dermatology, Chinese Academy of Medical Sciences (Nanjing, China). Triptolide was dissolved in dimethyl sulfoxide (DMSO) and stock solutions (1 mg/mL) stored at -20 °C. Triptolide was freshly diluted to the indicated concentration with culture medium before use in experiments. DMSO concentration in test conditions did not exceed 0.001% (v/v). Human recombinant IL-1β was purchased from Sigma (St Louis, MO, USA). IL-1β was reconstituted in phosphate buffered saline (PBS). Antibody for phosphorylated IκB-α was purchased from Cell Signaling (Beverly, MA, USA). Secondary goat anti-rabbit antibody were obtained from Amersham Pharmacia Biotech (Piscataway, NJ, USA). All the other reagents were purchased from Sigma unless stated otherwise.
Culture and characterization of SEMF The primary cultures of SEMF were performed according to the method described by Mahida et al [14] . In brief, mucosa samples were obtained from surgical specimens (>5 cm from the tumor margin) from patients undergoing a partial colectomy for carcinomas, with their informed consent. The mucosa samples were completely denuded of epithelial cells by 3 30 min incubations at 37 °C in 1 mmol/L EDTA (Sigma, USA). The de-epithelialized mucosal samples were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS), 50 U/mL penicillin and 50 µg/ mL streptomycin (all from GIBCO-BRL, Gaithersburg, MD, USA), and incubated at 37 °C in 5% CO 2 -atmosphere. The cells in suspension were removed after every 24-72 h culture period, and the denuded mucosal tissue was maintained in culture for up to 4 weeks. Established colonies of myofibroblasts were cultured in DMEM containing 10% FBS, 50 U/ mL penicillin and 50 µg/mL streptomycin. Before stimulation in all of the following experiments, the culture medium was replaced with serum-free DMEM for 24 h. The studies were performed on passages 2-6 of myofibroblasts isolated from 9 resection specimens.
Cultured SEMF were characterized with immunohistochemistry and transmission electron microscopy. Mouse monoclonal antibodies to α-smooth muscle actin and vimentin were used. The cells were grown on glass coverslips and fixed with acetone before immunoperoxidase staining with the Vectastain ABC peroxidase kit (Vecta Laboratories, Burlingame, CA, USA). After incubation with the primary antibody, biotinylated goat anti-mouse IgG was applied, followed by avidin-biotinylated horseradish peroxidase complex. Peroxidase activity was developed with diaminobenzidine, followed by nuclear staining using hematoxylin.
The cultured cells were also studied by transmission electron microscopy (JEM-1200 EX, Joel, Tokyo, Japan). The cells were fixed by immersion in 2.5% glutaraldehyde in 0.1 mol/L cacodylate buffer (pH 7.4) for 2 h. Suitable areas were then selected, and 18 nm sections were cut and mounted on copper grids.
Triptolide toxicity assays on SEMF The viability affected by triptolide was evaluated using MTT assay. The cells seeded in 96-well plates (Coster, Cambridge, MA, USA) with 1×10 The concentrations of triptolide chosen to be used in the present study induced less than 10% reduction of the cell survival rate. The MTT results indicated that incubation with triptolide (0.1, 1, 10, 30, and 60 ng/mL) for 24 h was not detrimental to cell viability (CSR >90%). Incubation with 100 ng/mL triptolide decreased cell viability (CSR=84.0%±5.1%), and greater toxicity was observed at doses above 100 ng/mL triptolide (CSR=74.5%±3.6%, 58.6%±4.5%, and 41.1%±5.9%, respectively). Therefore, the doses of triptolide used in all of the following experiments were 0.1-60 ng/mL to exclude toxicity.
Assay of chemokine and MMP-3 secretion The release of IL-8, MCP-1, and MMP-3 was determined by ELISA. The culture medium at the designated time was collected and centrifuged at 1000×g for 5 min, and the resultant supernatant was frozen at -80 °C for subsequent measurement of MMP-3, IL-8 (both from Biosource, Camarillo, CA, USA) and MCP-1 (Bender, Vienna, Austria) concentrations. The concentrations were normalized by expression as nanograms per 1×10 5 cells.
RNA extraction and quantitative RT-PCR analysis
The mRNA expression of IL-8, MCP-1, and MMP-3 was determined by RT-PCR. At the designated time, the cells were harvested with 0.25% trypsin and 0.02% EDTA and the total RNA was isolated using RNeasy reagents (Qiagen, Chatsworth, CA, USA) according to the manufacturer's protocol and quantitated by spectrophotometry. For synthesization of cDNA, 1 µg of total RNA was treated with reverse transcriptase (Promega, Madison, WI, USA) and oligo (dT) were used for reverse transcription. Reactions were performed using the Reverse Transcription System (Promega, USA) under the following conditions: 42 °C for 15 min, 95 °C for 5 min and 4 °C for 5 min. The samples were stored at -20 °C until use.
Real-time quantitative Taqman PCR analysis was performed using an ABI PRISM 7700 (Perkin-Elmer, Foster City, CA, USA). Specific primers and dual-labeled fluorescent probes were designed using the Primer Express primer design program v1.01 (Perkin-Elmer, USA). The constitutively expressed β-actin was used as an internal control. Samples were amplified in a final volume of 25 µL. Primers were used at a concentration of 900 nmol/L, and probes at 250 nmol/L. β-actin was amplified in separate reactions. The cycling conditions were as follows: 50 °C for 2 min, 95 °C for 10 min, 45 cycles of 95 °C for 30 s and 60 °C for 30 s. Data were normalized to β-actin gene expression and shown as fold increases in expression.
Cytosolic and nuclear extracts Cytosolic and nuclear extracts were prepared as described by Finto et al [15] . The cells were washed in cold PBS and resuspended in 500 µL of cold buffer [10 Western immunoblotting The cytosolic amount of p-IκB-α was determined by Western blotting. Equal amounts of protein in the sample were first resolved by SDS-PAGE, then transferred electrophoretically to the nitrocellulose membrane and subsequently incubated with the primary antibody. For detection, the nitrocellulose filter was incubated with a horseradish peroxidase coupled secondary antibody, followed by an enhanced chemiluminescence substrate reaction using ECL Western blotting detection reagents (Amersham Pharmacia Biotech, USA).
Electrophoretic mobility shift assay (EMSA) DNA binding activity of NF-κB was characterized by EMSA performed using a commercial kit (Gel Shift Assay System, Promega, USA). Double stranded consensus oligonucleotide (5'-AGT TGA GGG GAC TTT CCC AGG C-3') was 5'-end-labeled with T4 polynucleotide kinase and [γ-32 P] ATP (Promega, USA). Nuclear protein (10 µg) was pre-incubated in a total volume of 9 µL in a binding buffer, consisting of 10 mmol/L Tris-HCl (pH 7.5), 4% glycerol, 1 mmol/L MgCl 2 , 0.5 mmol/L EDTA, 0.5 mmol/L DTT, 0.5 mmol/L NaCl, and 0.05 mg/mL poly(didc) for 10 min at room temperature. After the addition of the 32 P-labled oligonucleotide probe, the incubation was continued for 20 min at room temperature. Reaction was stopped by adding 1 µL of gel-loading buffer and the mixture was subjected to nondenaturing 4% polyacrylamide gel electrophoresis in 0.5×TBE buffer (Tris-borate-EDTA). After electrophoresis was conducted at 390 V for 1 h, the gel was vacuum-dried and exposed to X-ray film (Fuji Hyperfilm, Tokyo, Japan) at -70 °C with an intensifying screed.
Statistical analysis Data are expressed as mean±SD. Statistical significance between 2 groups was tested using the unpaired Student's t test. Statistical significance between more than 2 groups was tested using one-way ANOVA followed by the Student-Newman-Keuls test. Statistical significance was set at P<0.05.
Results
Culture and characterization of SEMF Colonic subepithelial myofibroblast cultures were successfully established from 9 resection specimens. The studies were performed on passages 2-6. The cultures obtained were pure myofibroblast monolayers with no evidence of any contaminating lamina propria or epithelial cells (Figure 1) . Immunohistochemical studies of SEMF showed that the cells expressed the immunoreactivity for α-SMA and vimentin ( Figure 1A , 1B). Filamentous immunostaining was clearly observed. Ultrastructural studies using transmission electron microscopy showed that the cells expressed longitudinally-arranged bundles of microfilaments and well-developed rough endoplasmic reticulum ( Figure 1E ).
Effects of triptolide on chemokine and MMP-3 release
To examine the modulating role of triptolide on chemokine and MMP-3, the cells seeded in 6-well plates with 1×10 5 -1×10 6 cells per well were incubated with various concentrations of triptolide (0.1-60 ng/mL) or equivalent amount of its vehicle (DMSO; control) for 1 h and then in the additional IL-1β (10 ng/mL) or not (triptolide-alone-treatment) for 24 h. As shown in Figure 2A, Figure  2C ). We next investigated the effects of triptolide on chemokine and MMP-3 release stimulated by IL-1β. Incubation in the presence of IL-1β (10 ng/mL) resulted in approximately 60-, 15-, and 45-fold increases in the release of IL-8, MCP-1, and MMP-3, respectively ( Figure 2 ). Triptolide significantly inhibited these effects of IL-1β in a dose-dependent manner. At a concentration of 60 ng/mL, triptolide inhibited the IL-1β-induced release of IL-8, MCP-1, and MMP-3 Figure 1 . Phase contrast picture, immunohistochemical staining and ultrastructural findings using transmission electron microscopy of SEMF. SEMF at passages 2-6 were immunostained with monoclonal antibodies against α-SMA (A, ×400) and vimentin (B, ×400). Non-specific staining was demonstrated in (C, ×200), where the primary antibody was replaced by normal mouse IgG. (D) Phase contrast (×100); (E) Transmission electron microscopic findings in SEMF (×20 000). Rough endoplasmic reticula (small arrows) and longitudinally arranged bundles of microfilament (large arrows) are present within the cells.
by approximately 60%, 75%, and 60%, respectively.
Effects of triptolide on chemokine and MMP-3 mRNA expression The cells were incubated with triptolide (60 ng/ mL) or an equivalent amount of DMSO for 1 h and then in the additional IL-1β (10 ng/mL) or not for 24 h. RT-PCR analysis demonstrated that IL-1β (10 ng/mL) induced 9-, 7-, and 14-fold increases in the amounts of IL-8, MCP-1, and MMP-3 mRNA, respectively. Triptolide (60 ng/mL) did not modify the basal chemokine or MMP-3 mRNA expression in SEMF (P>0.05), but it diminished the upregulation effect of IL-1β on IL-8 (P<0.05), MCP-1 (P<0.05), and MMP-3 (P<0.01) mRNA expression (Figure 3) .
Effects of triptolide on NF-κB DNA binding activity Previous studies have demonstrated that the IL-1β-induced expression of IL-8, MCP-1, and MMP in SEMF is regulated by the activation of NF-κB [13] . Therefore, we investigated the effect of triptolide on IL-1β-induced NF-κB DNA binding activity. The cells were incubated with triptolide (60 ng/mL) or an equivalent amount of DMSO for 1 h and then in the additional IL-1β (10 ng/mL) or not for 1 h. As shown in Figure 4A , the DNA binding capacity of NF-κB in the resting SEMF was very low and was unregulated by triptolide. Stimulation with IL-1β (10 ng/mL) induced approximately 3-fold increase in the DNA binding capacity of NF-κB, and triptolide (60 ng/mL) inhibited this effect by more than 70% ( Figure  4A ). Thus, triptolide may repress chemokine and MMP-3 expression partly by interfering NF-κB activity.
Effects of triptolide on IL-1β-induced phosphorylation of IκB-α To further reveal the effect of triptolide on the signal pathway of NF-κB in IL-1β-stimulated SEMF, we investigated the p-IκB-α levels in the cytosolic extract. The cells were incubated with triptolide (60 ng/mL) or an equivalent amount of DMSO for 1 h and then in the additional IL-1β (10 ng/mL) or not for 1 h. As shown in Figure 4B , the levels of p-IκB-α were increased upon IL-1β stimulation; the levels were significantly suppressed with triptolide pretreatment (P<0.05). Measurement of band densities indicated that triptolide pretreatment inhibited IL-1β-induced increase of p-IκB-α by 60%. Therefore, triptolide might inhibit DNA binding activity of NF-κB by preventing the phosphorylation of IκB-α.
Discussion
We report here for the first time that triptolide inhibits IL-1β-induced chemokine and MMP expression by inhibiting NF-κB activity in human colonic subepithelial myofibroblasts. This may be a potential mechanism by which triptolide protects extracellular matrix under inflammatory conditions and becomes a potential therapeutic agent for treatment of IBD.
During inflammation in the colon, several chemokines may be secreted locally by colonic subepithelial myofibroblasts in response to IL-1β and TNF-α, and thus might induce the subsequent infiltration and activation of leukocytes into the sites of inflammation and result in the continuous activation and amplification of the cytokine cascade. In inflammatory and ulcerated lesions of IBD, MMP-3 mRNA, which encodes a key enzyme in matrix degradation, is highly increased, paralleled by an increase in MMP-3 protein levels [16] . The mechanisms of action of triptolide are not known. Our work has characterized chemokine and MMP as novel targets of its therapeutic actions which is in agreement with the previous findings [12, 13] . The fact that both mRNA and protein are inhibited in a similar fashion suggests that the inhibition of chemokine and MMP is at the transcriptional or pretranscriptional levels. NF-κB plays an important role in intracellular signaling induced by cytokines and is therefore a potential target for new therapeutic approaches to inflammatory diseases. NF-κB is maintained inactive in the cytoplasm through its association with an inhibitory subunit, Iκ-B (α or β). In response to an extracellular signal, such as IL-1 or TNF-α, Iκ-B is phosphorylated, polyubiquitinated and targeted to the proteasome, where it is degraded [17] . This degradation unmasks the nuclear localization sequence of NF-κB, which is rapidly translocated to the nucleus, where it binds to specific nucleotide sequences. This binding recruits the RNA polymerase complex and leads to the specific transcription of several genes involved in the pro-inflammatory response including chemokines, transcription factorassociated proteins, cell adhesion molecules, cytokines and immunoreceptors [17] . MMP promoters have AP-1 and c-ets-1 transcription factor binding sites [18] . Further NF-κB may also be indirectly implicated in MMP gene regulation [19, 20] ; the link between NF-κB and chemokine and MMP has been experimentally demonstrated [13] . In the current study, triptolide inhibited the activation of NF-κB induced by IL-1β in SEMF, suggesting this effect may contribute to its inhibition of IL-1β-induced chemokine and MMP-3 expression.
Triptolide has several characteristics of particular interest for IBD. It clearly has anti-inflammatory and immunosuppressive effects. It inhibits several pro-inflammatory cytokines and adhesion molecules, which are all important mediators of IBD. Triptolide has been shown to be safe and clinically beneficial in rheumatoid arthritis [21] . It has also been shown to be effective in the treatment of several autoimmune diseases such as lung fibrosis [22] and uveoretinitis [23] in animal models. Yan et al [24] showed triptolide could inhibit IFN-γ-induced activation of fibroblasts derived from patients with Graves' ophthalmopathy. Steroids have been administered widely for their anti-inflammatory activity in IBD, but they are not free of adverse effects. Such adverse reactions may be avoided if triptolide proves effective for the treatment of IBD, particularly for CD. The present study indicates that triptolide could be a potential therapeutic agent for IBD by its extracellular matrix protective and anti-inflammatory properties. Whether triptolide is a viable alternative to steroids for the treatment of CD and is devoid of adverse effects remain to be clarified. In summary, triptolide inhibits IL-1β-induced chemokine and MMP-3 expression by colonic subepithelial myofibroblast at both mRNA and protein levels. Inhibition of NF-κB activity is accompanied with and may contribute to the effects.
